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^^^'^piM^^/i^'^UNE RESPONSE USING 
PAN DR-BINDING PEPTIDES 

BACKGROUND OF THE INVENTIOH 
This application is a continuation-in-part of 
pending application united states Serial » n=, 
September, 14, 1953 „hich is T "8/121,101 filed 

The orL'r ^""rporated herein by reference, 

.ethods for pre:e„::n/~i°" '° -"Positions and 

.thoio,icai^taters!;hrai^i„?i::::::/ rr - 
cZi::\™cr o\eir::: ti^int, 

i^une response. Inhibiting an 

Class XX »oT:cuT:::":L:r,r::r::r "^'^^ ^ « 

spe=iali.ed antigen P.esenti^g'::!::^ r^^"; T"-' 
^nacrophages, dendritic cells or B n i\ 

.olecules usually associate "ith pept d:-fr™\„""" " '"^ 
from processinrr ^ . P^^ptiae fragments derived 

pathwr:::: th^ 2"::::i::""r ^"^^ 

response to the r,.>.^ • , P^^-^iferate and amplify the immune 
di.ni . particular immunogenic peptide that is 

displayed. Activation of t cells r-o^ • 

cell Receptor (TCR) bv iL\ ^^^^r.s engagement of the T 

an MHC moLcIl a'd a pel-. ' : ' ^^^^^ --Pl- of 

J r^r^nr, T Peptide antigen (Shimonkevitz , et aJ 

^i.:~ei"i;3:;r3-:::: :r:r- ^r::- - 
~, and eod.er, v.. 

inappropriate activation of T cells i« . 
=. . number of i^unopathologies, such as a.to 1 n tT""^"' 
allograft rejection and allergic responses. Exemplar'' 
au o , ^^^^^^^^^^ arthritis, 'lliple 

sclerosis, and myasthenia gravis. Allerai^ ^ 
W„l.i„g T ceil activation incl.de\\\l'::es"tT:::Ls 



the like- " addition, foreign 
pollens, dust .itee and ly«e 
infectious diseases endocarditis, or 

..sease. nepati.iS. -7^;/°^^,,,„,,,,..ties . such as cel.ac 
,lc„erulonephritxs). F ^^^^ ^^^^^ ^^^^^^^^ 

disease and Crohn^s "^^^^ ; particular «HC alleles or 

diseases, have .sen -==i--;^^ 

suspected of having an aut ^^^^ to treating these 

,he .est -^-^^J/tl/Z, ,,3te», .ypi=^"V by 
conditions is to „„^ner approach has heen 

using i^nunosuppressive <i"9=- associated with the 

proposed for cases retire .loc.ade of a given 

condition is ^^^'^^^ I of restrictions are 

rn:ot:rapp:rcre:'orer than selective .loc.ade .ust .e 

. -, ..indies of the requirements for 
ixranunochemical studies carried out. 

peptide binding to =-;/^;-r a^—n class 11 «HC 
The binding motifs °* "^^^ analysis by sequencing of 

,.leles have been ^e'^^^' //^^//^.L recently been described 
naturally processed I'-I"^^^"^ 3,., Nature 353. 

for various class 11 '~7. f,,, (l.=2>,. Hunt 

t:W-^^'^o (1.92,; .udensKy et al . , mature 

et al., science 256, 181/ -to 

359, 429-431 (1992)). ^^^^les in particular, it has 

" "eraf .ZTX 33-3. C«".. • . 

been shown (Brown et al . , N corresponding hydrophobic 

large hydrophobic anchor ^ J, ,„oial 

poOcet of the «HC binding ^"^^ ^= other anchors 

Lter^inant of -^^^--^^—r roles and help determine 
0 play definite, albeit ^ ^een emphasized 

allelic ^■'^"^"Le c-terminal half of the 

that the peptide bacl^bone °^ bonding with 

peptide molecule is engaged in direc y ^_ 

, , of the MHC binding groove (Krieger 
the wa IS of ^^^^^^^ o'Sullivan et al , J- 

, „1 1«. ^3^^ o.sullivan et al . , J- 

Immunol' 

in^uncl. 147, 2e63-.669 (1551). 
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each allele with the capacity to binH ^^^^^ ^^"'^ ^° «"dow 
„ . i-'a'-j.T;y to bind a unicme set <-,f^ 

.... a L 1:;:°::.^"" °"! ^^--^-t,. .... 

(1990); Panma-Bordignon et al. ra:r r r , '''''^451 

o-.^-. '-C.J.., £ur^ Immunol. 19 

J. TiMiunoI. 147, 189-197 (19911 1 „ ^'^ ■ ' 

previously „po.tea .pi.opes"o .ave tT" 

^ev...l .11,1... - Mn. 

y P prides, called "pan DR binding peptides" i-h;,-t- 
recognized by a broad pattern of dr alleiL ^ T 
present invention such Pan dr bindi According to the 

potent i_.,..3 .or ci::3^?.\\i^ir:rr;:,:r ::r' - 

SUMMARY OP THE INVENTION 

Phar^aceutical.y acceptable carrie. I, p:;:.::":::: ' 
about 4 and about 20 residues fh.^ ^- / between 

=. «Hc „o.eouies encoded tr^brt^i::;:!:'-..?""! 

locus. These peptides are referred to , ° ""^ 

P^Ptiaes. .e pan . bindin, p^:: -^TZ.... 
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,,i,ted with Mnopathologies, such as 
inoaune responses . allergic responses. 

au.oi^uni.y, allograft re.ectx n a ^^^^^^^^^ , 

When used to enhance an .^.mistered with 

peptide can act as a . ^^^J^ J^TZ peP^- .a. .e lihXed to 
a CTL inducing peptide. l peptide 
tne CTL inducin, peptide '^^^^^^^^J ,,,^^er ..diried. For 
ccnlugate. The -"i^^^;" .letylated. p.lmitylated. or 
instance, the conjugate »ay be Y ^ .^^j. 

.cylated with a J J;^'^ ^,xpe. peptide W a .pacer 

peptide »ay also -^^f^/.;,: ."L„„atively , pan 0« peptides 

--St Uo. .e on;^^=^ - 
:-h::Tir;tro. .i.- — 

inducing deterBinants . ^^^^ised using various 

pan DR peP--''- ""^^^^^.^ peptides have the 

inventions. Tor -""^-////^ direction fro. the 

— H,-..-.3-,-«s, , .™-ter.inus 

amino-terminus of the p P f„ii.o„ed by alanine or 

„,ere Ri i= a ,„e, or phenylalanine; 

lysine; is is independently 

,3 3 or 4 a«ino alanine, isoleucme, 

^Lected -™ :;::::„:-leucine-lysine, lysine- 

serine and valine, i , leucine-lysine; and 

, .neronine, or "^"^"^"T^^^^^^rf ollowed by a c-a»ino acid, 
consists Of = to * --;;;t.,,s is independently selected 
„„ere each of the 2 or 4 ^^^ine and valine. 

..o. the group consisting °' f ^^^^^^^^ peptides have 

^cording to this formula »or P 
,0 ^he formula '<l-«3-3-«4 ^^^^^i,,anine „ phenylalanine; 

alanine or lysine, R, is y selected from the 

R3 is . or 4 a-ino acids ea=h ,,,,„a; R, is 

group comprising alanine, ^ ^ „„i„,, «yptophan- 

.hreonine-leucine-lysme. lys-e ^^^^.^^^ 
35 threonine-leucine-lysme; and R, 

by D-alanine. described using the one- 

__J;:rarotcIdr— found in proteins and 
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oZXZZZZTLKZZo, oZXVZZZTLKZZo, oZXT777Trv7, 

serine or valine, k is lysine T ^ . ^ :ls alanine, 

is . ■ 

I^^^t^^r "f^^"^^' -AXV^TU«... a«cx;...xu<«,. 
aKXVAAKTLKAAa, and aKFVAAKTLKAAa wherein , is D-al.nf„ . ■ 
alanine, . is cyclohexylalanlne, . is lysine T L " ' ^ 
. is ie..ine. . is .aiine, x is isoi.ciL. t^l ^l^ZZT' 



BRIEF DESCRIPTION OF THE DRAWINGS 

.-..v:^-«e%e";i„t-— 

from human PBMC T cell 3inoc= P^^^^^c T cell responses 

either pep«ae ° 

-o.so ,.i„se. circie,. or Xetan^r^ tli 3 - rLT"' ' 

— ' -™ ::i— ^ ^ - 

representative o. in.epen.en. .^.i.iZH MV^.''' ' ' 

sec^na sti„.iation, and .i^re .3^" 1 r.rrtLr ^ 
=t..uia.on. .ne .a.i..„ . piotteVcn'r 

Figures 3A-3F show in vivo immunogenicitv 
peptiae epitopes as .easurea h. Pr.ii,:;:::^. 

30 n . se .pen s^are, :^T:.Lr- ' 

3^3^^:t::::e'::;:-:\^!L--e".r7"i?;- 

30K io...o, ,Pi,„re 3.,, a„a .„..o ^^I^ure' ' ^L':!-" 
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V, r.r,des were removed and T cell 
later, draining ly-pn nodes w ^,,„pie 9- A 



DEFINITIOHS 

. c^ain of at least four '/^f^^,,^ ,i„t to «n, 

preferably at least usually fewer than 

so»eti.es eleven to ^-^^^^J^^f ,han about twenty- 

about tnUty residues to 
five, and preferably '^"^ * . „ peptides can be a 

lurteen residues. -^J^-rn'tfeir neutr:/ , uncharged, for.s 
variety of lengths, j.ee of modifications 

or in forms which ere "I"' „^ieiatton, or 

such as glycosylation, s.de f'^l '^^^^.^.^^..^^,, subject to 
phosphorylation or =0™-^^^^^^^^^^^ .„.roy the biological 

the condition that the described, 
activity of the P^^ept^des as her ^ 

— referin, - .esiaue", "amino 

Oligopeptide -/;;",^:red\nterchan,ably and. as used 
acid" and "-"'^''^ .„ino acid mimetic Joined 

n„ein. mean an am- ao.^ ^^^^^ ^^^^^ ^^^^ 

covalently to at leas ^aiinetic. 
„imetic terr-ammo acid... when 

AS used herein, L_amino acid 

„n^alified. refers to an ...-.m.no ac.d 

, Although the peptides wi.^^^^^^^^^^^^ 

substantially free of ^^^^^s the peptides can be 

fragments thereof. £„gments or particles. 

synthetically ^'''^'^■^.''^^^'Z^X i= -ant the ability to bind 
By biological activity peptides 

. an appropriate rrpLn:^ Indre a /helper 

useful for stimulating CTL r P ^^^^^^^^ ^^^^^^^ , 

response, which in turn ^„ of a peptide 

target antigen or antigen mimetic 
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analog antagonist, the analog will have biological activity if 
it competes with the native peptide for binding to the MHC 
molecule and thus substantially reduces the ability of the 
native peptide to stimulate a T cell response. 

A "pan DR-binding peptide" of the invention is a 
peptide capable of binding at least about 7 of the 12 most 
common DR alleles (DRl, 2w2b, 2w2a, 3, 4w4 , 4wl4, 5, 7, 52a, 
52b, 52C, and 53) with high affinity. "High affinity" 'is 
defined here as binding with an IC50% of less than 300nM. 

Throughout this disclosure, results are expressed in 
terms of icso's. Given the conditions in which the assays are 
run (i.e., limiting MHC and labeled peptide concentrations), 
these values approximate values. It should be noted that 
IC50 values can change, often dramatically, if the assay 
conditions are varied, and depending on the particular 
reagents used (e.g., MHC preparation, etc.). For example 
excessive concentrations of MHC will increase the apparent 
measured IC50 of a given ligand. 

An alternative way of expressing the binding data, 
to avoid these uncertainties, is as a relative value to a 
reference peptide. The reference peptide is included in every 
assay. As a particular assay becomes more, or less, 
sensitive, the ICSO's of the peptides tested may change 
somewhat. However, the binding relative to the reference 
peptide will not change. For example, in an assay run under 
conditions such that the IC50 of the reference peptide 
increases lo-fold, all IC50 values will also shift 
approximately 10-fold. Therefore, to avoid ambiguities, the 
assessment of whether a peptide is a good, intermediate, weaX, 
or negative binder should be based on it's IC50, relative to 
the IC5 0 of the standard peptide. 

If the IC50 of the standard peptide measured in a 
particular assay is different from that reported in Table I, 
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not ixmxted to, renal cell carcinoma, breast cancer 
carcinoembryonic antigens, n,elanon>a (mage-1) antigens and 
™te cancer specific antigen, .epatitis^ antlge:: 
Epstein-Barr virus antigens, hiv-i and Hiv 2 • 
papilloma virus antigens. ' ant.gens, and 

The phrases "isolated" or biologically pure" refer 
homogeneous or dominant band, there are t^^r^o . • 

1™ :::r'". '^""^ ^^^^^^^^ - 

contain such endogenous co-purified protein 

tera "virgin" lymphocyte is used here as it i . 

Hall, Englewood cliffs, Ne„ Jersey (1994, which is 
incorporated herein by reference. 

oeo. . * "-IPer peptide" as used herein refers to a 
peptide recognised hy the r cell receptor of T helper cells 
The T helper peptides of the present invention are pan DR 
binding peptides. ^ 

DESCRIPTION OP THE PREFERRED EMBODIMENT 

in one en,bodin,ent , the present invention relates to 
the use Of pan DR peptides to bloc, an immune response by 
preventing activation of helper T cells. Because of their 
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rr/:::::!™:: rrerr..... ....=^^0^, .... 

^ • =r,x7 vac-cine formulation to enhance an 

E — ^^^^^^^^^^ :rr rrr: -^^^^^^^^^^^^^^^ 

:L .Lno^cia s«u=...e .c.....e. eac. "--^-/^-"^^^ 
..pre=ent.d by standard three latter or 
Lsignaticns. The L-f=r» of an a»ino ac.d - 

»»a bv a capital single letter or a capital tirat 
1::::: o tLee-lLter symbol, and the .-.or„ for those 
.lids havin, D-£orms is represented by a lover case 
:::: e let«r Ir a lower case three letter symbol. Olycine 
rafno afyletric carbon at™ and is si.ply referred to as 

Telrt ana ^oun,, So... »a=e Peptide Synthesis, .d. ed. . 
Pierce chemical Co. (1984), s^pra. 
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Alternatively, r.combinant DNA technology ^y 
employed vher.in a nuoleetiaa se^enca which ancoL a^ 
iinBunoganic paptida of interest is inserted into an e«,ression 

::t:::::t^^' °^ "--^'^"^^ ^-^^ ^ppropnata^ho r 

cell and cultivated under conditions suitable for expression 
These procedures are generally .„o>™ m the art, aslscr Led 

(1982), Which IS incorporated herein by reference. Thus 
fusion proteins which comprise one or »ore peptide segue^ces 
epitope " " ^"-^ appropriate t cell 

AS the coding sequence for peptides of the length 
contemplated herein can be synthesized by chemical technlgues. 
for example, the phosphotriester method of Matteucci et L 

slZl T"'.""- = -^i^-"ion can be .ade ' ' 

simply by substituting the appropriate base(s, for those 
encoding the native peptide seguence. The cid ng sequence «n 
then be provided with appropriate lingers and llgated Lto 
expression vectors co-mnonly available in the art, and the 
vectors used to transfer, suitable hosts to produce the 
desired fusion protein. ^ number of such vectors and suitable 
host systems are now available. Tor expression of the fusion 

linked start and stop codons. promoter and terminator regions 
and usually a replication system to provide an expression 
vector for expression in the desired cellular host. For 
example, promoter sequences compatible with bacterial hosts 
are provided in plasmids containing convenient restriction 
Sites for insertion of the desired coding sequence. The 

resulting expression vectors are transformed into suitable 

bacterial hosts. of course veac:i- „^ „ • 

, ^ course, yeast or mammalian cell hosts may 

also be used, employing suitable vectors and control 

sequences . 

PAN DR-BINDING PEPTIDES 

The present invention provides methods useful for 
Identification of modifications to a starting peptide which 



PCT/US94/1U368 

WO 95/07707 

12 

= i£ioitY For instance, In^rn^ti""'! 
broaden its speoifioity incorporated herein by 

,ppU=atio„ WO /or iaentifvin, peptides 

reference, describes .ppUcation describes 

capable of bindin, -1-;^"^^ f„ ^ J^,, ,i..s ...HA"), as 

,he source of peptides ^P-^'-^^^^^^^ .activity to provide 

:rrc:s°:rn firrrppLpri^e . ....cu^e, sue. as .... 

- rran anti^n or -T^re^rn: " 

selected MHC molecule is .dentif. . 
„,ion" of the anti.en or ^^^^^^^^^^^ ,„p,„,i„, K-ter.inal 
synthesizing -erlappin, peptides. / 

- C-ter.inal deletrons ~;^^^^>„ „,.ical contact 

determination of == ,mi„o acid 

residues, a series of P'P*^"^ determine the effect of 

substitutions may be -P^^^^^^^^ty etc. on binding, 
electrostatic charge, '>V^-P''fJ;"?„,:i„, contact sites," 

„,,,i .he e^ival.nts, which 

i.e., these residues (or their ^^^.^ ^^^.^.^^ „ 

must be present in the P^P"^^;"^^'^ p„sentation to the T 
.ind an MHC — ,;""3f„;:e .„iL acid substitutions, 
cell, may identified by ""^^ ,i,o carry out 

deletions, or J^^^ acid ,e.,.. Ma, to 

5 a systematic scan with a specif ^^.^^ 
probe the contributions made by the 

contact residues ,„,e„io„ which are relatively 

peptides of the i _^^titutions with neutral 

insensitive to ^ ^ r/t.ct sites, have been 

,0 amino acids, -«^^;^;,:trsubstitutions. Particularly 

found to tolerate multiple s relatively neutral 

preferred --^^-^;;^r,;" ro or siLlar' residues. The 
moieties such as Ala, Giy. ' hetero-oligomers. The 

.ubstitutions a:e substituted or added 

- Cerd rtr^ai; 
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binding affinity for an MHC molecule may also be achieved by 
such substitutions, compared to the affinity of the parent 
peptide. In any event, such "spacer" substitutions should 
employ amino acid residues or other molecular fragments chosen 
to avoid, for example, steric and charge interference which 
might disrupt binding. 

The effect of single amino acid substitutions may 
also be probed using D-amino acids. Such substitutions may be 
made using well known peptide synthesis procedures, as 
described in e.g., Merrifield, Science 232:341-347 (1986), 
Barany and Merrifield, The Peptides, Gross and Meienhofer, 
eds. (N.Y., Academic Press), pp. 1-284 (1979); and Stewart and 
Young, Solid Phase Peptide Synthesis, (Rockford, 111., 
Pierce), 2d Ed. (1984), incorporated by reference herein. 

The peptides employed in the subject invention need 
not be identical to peptides disclosed in the Example section, 
below, or to a particular antigenic protein sequence of CTL 
peptides, so long as the subject compounds are able to bind to 
the appropriate MHC molecules or provide for cytotoxic T 
lymphocytic activity against the target antigenic protein. 
Thus, one of skill will recognize that a number of 
conservative substitutions can be made without substantially 
affecting the activity of the peptide. Conservative 
substitutions are those involving replacing an amino acid 
residue with another which is biologically and/or chemically 
similar, e.g., one hydrophobic residue for another, or one 
polar residue for another. 

Using the general approach described above, a 
binding motif for a particular MHC allele can be determined. 
To broaden the specificity of peptide showing high affinity 
for one or more alleles, modifications as described above are 
made and the resulting peptides are further tested for 
binding. Modified peptides which show significantly higher 
binding to particular MHC alleles are then selected. The 
modifications can be made in a more or less random manner. 
One approach to modifying the starting peptide is to combine 
binding motifs from two or more alleles. 



„ ™,v be used in which anchor 
An other approach may be „ 

,e3ia.e3 .ha. """-. = -%tor;-a Ine pep-- oe .3 
,he mc are ^--"^;;^^\:/:7en use. by .ar.etz.y et a. . . 
^,3i,,.s. ^^i- aemonstrated that a 

mature 3 = 3, 326-3^9 '^'"^^^^....i,, „i.h a sin.le do„xnant 
polyalanine peptide which was ^ ^.^^ ^.^^ 

L,C contact residue (Tyr, endowed the^pj^^^ ^^^^^ 
affinity binding "'^^ cycloh.Kylalanine or 

as the »ain «HC ""...^.a. These residues are 

phenylalanine can also be -^J^^^ „ , peptide's capacity 

L«r=han,eable with Tyr "/^^^ ,,,i„,ty binding of 

to bind those ^^^^^^^^ ^^^'/...^ ,ilow binding to HHC 
.he peptide, and at residue in 

molecules that Effects the binding specificity 

- ^ ^'''i''- TcL: rdass XI MHC such that tyrosine is 
the B binding P=f ^ effectively, whereas 
„o longer capable of ''-f „^,,,,„ine , can bind. 

<,,olohe.ylalanine, as »e^^;;^^; p.p.i.es identified 

,.e "i"— systems. Typically, the 
.bove -ay be assayed in ^ ^^^i .ctivation is 

..ility to inhibit , „„ss of peptide is 

tested. in one exemplary P-°^°=°^; ^„e„n «HC 

incubated with an -"^-'^-"-^"'^^IJ^ ,ione of Known antigen 
expression, (e.g.. -^0x1 830-843, and MHC restriction 

■,i.-itv le.q., tetanus toxin Bi" ' tetanus 
5 specificity 1^-^ ■ ^tigenic peptide itself d-e.. 
(again. OR!) . and the ant 9 incubated for a 

Lin 330-343,. The assay ,,,, four days, 

sufficient ti.e for f ,,i„, standard procedures, 

and proliferation is "^'^HhyBidine during the last IS 

0 such as pulsing With "-;;:::,:rinhibition. compared to the 
hours of incubation. then calculated. 

„„trols Which received no inhib 

The capacity of P'P"''^^ correlated to the 

p...entation in an - "-"a: i^une response in vivo. 

- rv^aiii-ryt - 

r:rr;i::i:r»ctorerui:%rcog:i.ed by the peptide, an. the 
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immunomodulatory peptide. T lymphocytes are subsequently 
removed from the animal and cultured with a dose range of 
antigen. Inhibition of stimulation is measured by 
conventional means, e.g., pulsing with [%] -thymidine , and 
comparing to appropriate controls. Certain experimental 
details will of course be apparent to the skilled artisan. 
See also, Adorini, et al . , Nature 334, 623-625 (1988), 
incorporated herein by reference. 

A large number of cells with defined MHC molecules, 
particularly MHC Class II molecules, are known and readily 
available from, for instance, the American Type Culture 
Collection ("Catalogue of Cell Lines and Hybridomas," 6th 
edition (1988) Rockville, Maryland, U.S.A., which is 
incorporated herein by reference. 

A preferred embodiment of the peptides of the 
present invention comprises modifications to the N- and c- 
tenainal residues. As will be well understood by the artisan, 
the N- and C-termini may be modified to alter physical or 
chemical properties of the peptide, such as, for example, to 
affect binding, stability, bioavailability, ease of linking, 
and the like. 

Modifications of peptides with various amino acid 
mimetics or D-amino acids, for instance at the N- or C- 
termini, are useful for instance, in increasing the stability 
of the peptide in vivo. Such peptides may be synthesized as 
"inverse" or "retro-inverso" forms, that is, by replacing L- 
amino acids of a sequence with D-amino acids, or by reversing 
the sequence of the amino acids and replacing the L-amino 
acids with D-amino acids. As the D-peptides are substantially 
more resistant to peptidases, and therefore are more stable in 
serum and tissues compared to their L-peptide counterparts, 
the stability of D-peptides under physiological conditions 'may 
more than compensate for a difference in affinity compared to 
the corresponding L-peptide. Further, L-amino acid-containing 
peptides with or without substitutions can be capped with a D- 
amino acid to inhibit exopeptidase destruction of the 
antigenic peptide. 
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stability can be assayed in a nu»ber of ways. For 
instance, peptidases and various biological media such as 
hulan pllsL and seru., have been used to test stab.l.ty 

r'.^l-^a ,l.as,; «alte. et .1., S... ..p. . 

„ , ,8-103 (1975); Witter et al., »euroe„™oIc„ 3 , 
3V7I38I (1980); verhoef et al . , J- Endoori.ology 110. 557 562 
377 381 (19 ), phar-MCOl. 70. 531-540 (1981); 

IroTt a ."u; " 3.o=.e.. 1... .S1-.5S ,198.); Can,. 
Bizzozero 2i7_224 (1985), all of which are 

Eur. J ' Biochem. 151, 217 2-^4 l-i-^ ^ > 
incorporated herein by reference. ^ 

Stability .ay also be increased by xntroduc.ng 
• .n^a residues at the C and N termini of the peptide, 
rrirus indicated tnat t^e bal.li.e o, .-a„ino 

acil-contalnln, peptides in vivo and in vitro, --^"^ 
in seru„-containlng ..ediu„, can be extended considerably by 
^Iderin, tbe peptides resistant to e.opeptidase activity by 
introducing D-,»ino acids at the C and S ter-ini. 

The peptides or analogs of the invention can be 
modified by altering the order or composition ot certain 
rrsid:::. L bem, readHy appreciated that ^ 
residues essential for biological activity, e.g. . ^^"^^ " 

include non-protein amino acids as ' j;/--/,^ 

.nias as well as many derivatives of L-a-amino acids. 
::"discusse; a peptide of the present invention »ay generally 
"m^:!:: eft^er ILino acids or 0-amino acids, but not 0- 
amino acids within a core binding region. 

CTL PEPTIDES 

CTL peptides may be administered with the pan DR 
peptides Of the invention to enhance an immune response^ CTL 
!p!tlpes from a number ot antigenic proteins can be used in 
epitopes from invention. Examples of suitable 

rtireri::::: ProstLe specific antigen ,.S.) . hepatitis B 
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core and surface antigens (HBVc, HBVs) hepatitis c antigens 
Epstein-Barr virus antigens, melanoma antigens (e.g., mage-1) 
human iitmunodef iciency virus (HIV) antigens and human 
papilloma virus (HPV) antigens. 

In certain embodiments the CTL peptides of the 
invention are derived from within the HBV surface antigen or 
the nucleocapsid polypeptides, core and precore. in more 
preferred embodiments described herein the CTL-inducing 
peptides are derived from the region of HBen.,,,_,,, (peptide 
799.08), HBenv32g_34a (peptide 799.09) HBenw^^^,^^^ (peptide 
799.10), or the region HBc^,.^^^ (peptide 802.03), where the 
numbering is according to Galibert et al . , Mature 281, 646 
(1979), which is incorporated herein by reference. 

CTL peptides comprising the appropriate epitopes are 
synthesized and then tested for their ability to bind to MHC 
Class I molecules in assays using, for example, purified class 
I molecules and radioiodonated peptides and/or cells 
expressing empty class I molecules by, for instance 
immunofluorescent staining and flow microf luorimetry , peptide- 
dependent class i assembly assays, and inhibition of CTL 
recognition by peptide competition. Those peptides that bind 
to the class I molecule are further evaluated for their 
ability to serve as targets for CTLs derived from infected or 
immunized individuals, as well as for their capacity to induce 
primary in vitro or in vivo CTL responses that can give rise 
to CTL populations capable of reacting with virally infected 
target cells or tumor cells as potential therapeutic agents. 

The one or more CTL peptide may be administered with 
one or more pan DR peptide in a mixture which may or may not 
involve noncovalent associations between the peptides. For 
instance, one or more of the peptides may be lipidated as 
described below to facilitate association between the 
peptides. Alternatively, the peptides may be covalently 
linked to form a CTL/pan DR conjugate. 

To facilitate the association of the CTL peptide 
with the pan DR peptide, additional amino acids can be added 
to the termini of the CTL peptide. The additional residues 
can also be used for coupling to a carrier, support or larger 
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ort herein, or for modifying the 
peptide, for reasons ^.^.^ae or 

phvsicaX or che.icaX l^^^^Znl^^.J s... as tyrosine, 
oligopeptide, or the Ixke. ^^.^^ „^ the like, can 

...teine, ^f^^^ Z:^^ ^f the peptide o. 
be introduced at the C peptide or oligopeptide 

Oligopeptide. In ^^^^^^^^^^^^l^ZTl sec^ence by being 
sequences can differ fro. the natur ^ ^ ^ ^^^^^^^^ 
:„odified by terminal-NH, acy ^ ' amidation. e.g., 

or thioglycolyl ^/^.le instances these 

aK^onia, .ethylamxne, ^.^.^^ ^o a support or 

modifications may provide sxtes 

„MC. ..ve =T. -^-/--^/f ^T^ Jed pna^,cclo,ic.l 
other aesired attributes, e.g^, staining 

=-——-;::^:;;:ror=rcar activity t.e u„»=di..ed 

„Bstantially all of the b ^ modified by 

peptide. -;^--r;;;:rtrt:tln. ^ the peptides a.i.o 
extending, decreasing .^ai^io^ or deletion of amino 

acid sequences by, e.g., terminal end, or 

„ids on either the ammo terminal or ^^^^^^^^^ 

both, o. P^P"-:.-"j:,r::,rnce which is mtended to 
usually, the P™;^„rstimulating epitope will not di«er 
substantially mimic a CTI, ^eouence of the target 

^ more than about 20. from -e se^e ^^^^^ ^^^^^ 

antigenic protein, f/^^^^^^^pose of modifying the 

edded at either terminus "'^^^ ^ ^ ^ e.g., eas. 

physical or chemical properties of the p P^^^^^ ^^^^^^^^^^ 

, o. llnKin, or ^trde seq^e^oes are found to be 

Where regions of the P^P*^° ' ^e desirable to vary 

polymorphic among viral ^^^^ effectively mimic 

:rff::i:rc;rorcT-ir:r epit^ of different virai 
^ °M:rrhe peptide ^^'^-i^j::-:^^ 

Z:^:^^^- — -CoL .ich are 
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a.. 

addition, the contribution. Made by the si.e chains of the 

sznall, relatively neutral molecules, e.g. Ala Glv p 

Similar residues. ..e nu..er an. types^; resl.u ^'w^ ^ 

be substituted, added or subtracted will depend on 

necessary between t.e essential epitopic pot and crrtt:^" 

conformational and functional attributes wbic. are sou^t 

(e.g., hydrophobicity vs. hydrophilicity) . desired 

increased binding affinity of peptide analog.es to It"'„HC 

molecule for presentation to a CTL can also h k- 

such Ait-«r.=.4-> can also be achieved by 

interference which might disrupt binding. PeptidL whi.h 
tolerate substitutions while retaining ^ "^^^^^ ""^^^^ 

The peptides of the invention can be confined via 
linkage to fon. pol^^ers (.ulti„ers, . or can be forMuHtel in 
a composition without linkage, as an admixture. „h"re th, 
same peptide is linked to itself, thereby formin, , 
homopoly^er, a plurality of repeatin, epitopic units are 
presented. When the peptides differ, e.g., , cocktail 

"IZr^'Z^""""^"^ ^"^--^ epitopes 

within a subtype, different HIA restriction specifLitie! or 
pepti.es Which contain . helper epitopes, heteropolX: "ith 
repeating units are provided. l„ addition to covale^t 
linkages, nohcovalent linkages capable of forming 
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contemplated. 

PREPARATION OF THE CONJUGATES 

^.d above CTL inducing peptides may be 

c-.^"-— ^^^^^^^ 
typically comprised of relativ y 

.„c. as a«ino acids "^^ 
substantially uncharged under phys^ ^ 

have linear or branched s.de c---^^^" J ^^^^^ „,,tral 
typically selected „,,tral polar a»ino acids, 

spacers of nonpclar amino acids ^^^^^^ ^^^^^^ 

xn certain preferred ptionally present spacer 

^la. It will be understood ^^^^^ ^^^^ „,y be a 

„eed not be comprised of 1,,„,,„, .p.cers are 

- '>°""°-:"!r"«hen present, the spacer will usually 
hoBO-oligo-ers of Ala. P ^^^^^ ^o six 

^^"\r:t::rTmbrd -r-^e pan OK-bindin, peptide is 
residues. In other e preferably with the pan DB- 

oonlugated to the ' /J/'.^^^ Lrminus. The 

binding peptide positioned '^^J^^.^^^^ ...^ ,3 Ala-.la- 
peptides may be ^^--^^^ "^ther contains a lipid 

»la or the llKe. -^^^f ^J^. , i^ne (as described 

-rr rowrwririr,tt.hed . 

' Iirtlthronrpe^r c^n^U, typical, .a server 

linkage or the like. ^^^^.g ^ay be linked to the pan 

The CTL inducing peptide .ay^^^ ^ ^^^^^^ ^.^^^^ 

DR-binding peptide either direct y ^^.^^ 

, - -no -^:x:^^^^^^^^ - 

terminus ^^^^^J^^^ xn addition, the CTL 

binding peptide may acyi ^^^^^ certain 

peptide/pan DR-binding conjugate may 
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y ^J.y, Ser, Ser-Ser as described below. 
In some embodiments it may be desirable -^^ • , 
in th. p.a™.c.utl=al compositions o, t^TZZlT 
one component whioh assist, in pri«i„„ CTL Lin . . 
identified as agents canabl. r./ ^ ""^ 

agents capable of assisting the primina rrr i- 
VIVO against viral antigens. .or example, pallltL aJa 
residues can be attached to the alpha .nH 7 
o. a .ys .esid.e .d t.e. ^.r^^^l ^1^::^:::^ ^"^^^ 

.e "o^^r"^^ Ser-se: or t.e 

then H peptide. The lipidated peptide can 

then be injected directly in a micellar fo^ ■ 
ini-o = 1- miceiiar form, incorporated 

into a liposome or emulsified in an adjuvant e a , 
Freund's ati-inx^=,r,<- -r aujuvanr, e.g., incomplete 

e«ecti:ei~n c^p^L1^x:::l-:-: 

ana^e iion a.ino groups of J, ^hL^ L-rttl^T 
UhJcage, e.g., ser-Ser, to the amino terminus of the 
immunogenic peptide. 

AS another example of lipid priming of CTL 
responses, E. coli lipoproteins, such as 
tripalmitoyl-s-glycerylcystei„lyseryl-serine ,P cs^l 
used to pri„e virus specific CT. when cov en ly t a hed t 
an appropriate peptide. see, Oeres et el . , Mature" , 
561-564 ,198,,, incorporated herein by reference l.ll ■ . 
the invention can be coupled to P ess fo/ f'P<=ides of 

"Popeptide admlhistered^o an ^^^C^Z^::^^^ 
pri.e a CTL response to the target antigen. FurtLr as th 
induction Of neutralizing antibodies can also K 
P3CSS conjugated to a peptide vhich displays an ap^- "r"- 
epitope, the two compositions can be coLired to rr ' " 

: — P=nses to 



PHARMACEUTICAL COMPOSITIONS 

The pan DR-binding peptides of vv,« 
.nd Pharmaceutical and vaccL: l^^JT^^-T'" 
administered to mammals, particularlv h„™ 
^n.or therapeutic purposrs. ."tl 



• 
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.d.inist„,d with th. P-P"''"- " i„£.=tion 

and cancer. Alternatively, ceases which can be 

„.p.„=es =.n .a u.ea. --^^j;^^/^ pep.ia.s and 

treated usi., the "^^er hepatitis B, 

other i«ehs include "^^^^ ,,,^„,i„o.a, 

hepatitis C, AIDS, renal carc.nca, cervl 

l^phc»a, CMV ana ccndlyl^a --"^ to 
The pan DR-binding peptides oay 

„eat a variety -"-^--ersrs^wrilhTan":: tLIt.d .sin, 

„a=tivity^ "sincludn^^^^^ 

-rtrdTthrifi:: — ^ -^rlre:"^ 
Ti:::i;s:"re":=r^^ 

tirrdills "r glomerulonephritis, and .ood 
^''^^"^"":rt:t::pe.ti= applications, the immunogenic 

or the pan DR-blndlng peptides of the in 
compositions or the pa .iready suffering from 

,re administered to an -^-^^"'^ '^^^^^ l,^^ .irus of 

cancer, autoir-une disease, " phase of 

interest. ^ ^/^.r^h L pah D^''-"- ^^"^^^ " 

rrnrnt: Zr^rs^parately or in conjunction with other 

--'^;„rerprtrappUcations, 

immunogenic compositions are ^^^^-^".^l -"onse to the 
amount sufficient to elicit an elective ^^^^^ ^^^^^^^^^ 

' -"^^^'^ ToIsTn:/:" complications, similarly, compositions 
arrest symptoms and/or ^ administered in an 

comprising pan OH-hinding pept aes^^^ ^^^^^^^^ ^^^^^^ 
amount sufficient to complications. An amount 

symptoms Of : fZ/J.^d as ..therapeutically 

:r:.g.. the p-^- -»--re:;r::; rrz l..s. ...^ 

administration, the stage and severity 
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treated, the weight and general state of health of the 
patient, and the judgment of the prescribing physician. 

Therapeutically effective amounts of the immunogenic 
compositions of the present invention generally range for the 
inxtxal immunization (that is for therapeutic or prophylactic 
administration) from about 1.0 to about 5000 ^g of peptide 
for a 70 kg patient, followed by boosting dosages of from 
about 1.0 ^g to about lOOO of peptide pursuant to a 
boosting regimen over weeks to months depending upon the 
patient's response and condition by measuring specific CTL 
activity in the patient's blood. 

Therapeutically effective amounts of the DR-binding 
peptides of the present invention generally range from about 
0.1 mg to about 2,000 mg of peptide per day for a 70 kg 
patient, with dosages of from about 0.5 mg to about 1,000 mg 
of peptide per day being more commonly used. 

It must be kept in mind that the compositions of the 
present invention may generally be employed in serious disease 
states, that is, life-threatening or potentially life 
threatening situations. In such cases, in view of the 
minimization of extraneous substances and the relative 
nontoxic nature of the conjugates, it is possible and may be 
felt desirable by the treating physician to administer 
substantial excesses of these compositions. 

For prophylactic use, administration should begin at 
the first sign of disease or the detection or surgical removal 
of tumors or shortly after diagnosis in the case of acute 
infection. This is followed by boosting doses until at least 
symptoms are substantially abated and for a period thereafter 
In chronic infection, loading doses followed by boosting doses 
may be required. 

Treatment of an infected individual with the 
compositions of the invention may hasten resolution of the 
infection in acutely infected individuals. For those 
individuals susceptible (or predisposed) to developing chronic 
infection the compositions are particularly useful in methods 
for preventing the evolution from acute to chronic infection 
Where the susceptible individuals are identified prior to or 
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^= described herein, the 

coTnposition can be targetea 

£»r the treat.ent of cells in carriers, 

i^ane syste. to eliminate ^ ,^„„„.p„«nti.tin, 

It is important « P"-"*^ J J/."", .a.inis«atio„ sufficient 
peptide in a for»ulat.on and »=d. ct . ^hus, 

L effectively stimulate a 7"";^'=;,:;',,3,„«.ive dose is 

,,r treatment of SOOO P^fera.ly 

in the range of about 1.0 

about . to --;^-^/;;/,;Ultin, aose. at establisned 
X^uni.in, doses foUowed y ^^^^ ^^^^^^ 

intervals, e.g., fr"" °^ effectively 
possibly for a prolonged per.od of ^ti»e ^^^^^^^ 

:rnfs:r::irn-srurd;ont^^^^^^^^^^^^^^ 

thereafter. ^„™nQsitions for therapeutic 

The pharmaceutical . or local 

„eat.ent -:;"rerer"e"prarcr^^^ =o™P==---s 
administration. P"'^'^^' ^ intravenously, 

are '^''^'^^^"^'""'TZX' intramuscularly . Thus, the 
; subcutaneously, intradermal ly, ^.^^^^^ral administration 

invention provides °":^;;^J;:pr"es o. conjugates 
Which comprise a solution of ^ ^ preferably an 

"-"^^larrir t: -t =ra:eous camers may be used, 
aqueous carrier. « „ saline, 0.3% glycine, 

0 e.g. , water, """"/^ J/^f^; "-^Lse compositions may be 
hyaluronic acid and the llke^ T ^^^..^^a^ion 
sterilized by "^"..'"ered. The resulting agueous 

techniques, or may be sterli lyophilized, the 

..lutions may be P^-J^^ ^ rmbtne^^ith a sterile solution 

rrrtTdmrn:=^^^^ 

foTprira^ ^^^^^^^^^^^^^^^^^^ " ^" ^^^"^""^ 
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and buffering agents, tonicity adjusting agents, wetting 
agents and the like, for example, sodium acetate, sodium 
lactate, sodium chloride, potassium chloride, calcium 
chloride, sorbitan monolaurate, tr iethanolamine oleate, etc. 
5 The concentration of pan DR and/or CTL. stimulatory 

peptides of the invention in the pharmaceutical formulations 
can vary widely, i.e., from less than about 0.1%, usually at 
or at least about 2% to as much as 20% to 50% or more by 
weight, and will be selected primarily by fluid volximes, 

10 viscosities, etc., in accordance with the particular mode of 
administration selected. 

The peptides and conjugates of the invention may 
also be administered via liposomes, which serve to target the 
conjugates to a particular tissue, such as lymphoid tissue, or 

15 targeted selectively to infected cells, as well as increase 
the half-life of the peptide composition. Liposomes include 
emulsions, foams, micelles, insoluble monolayers, liquid 
crystals, phospholipid dispersions, lamellar layers and the 
like. In these preparations the peptide to be delivered is 

20 incorporated as part of a liposome, alone or in conjunction 
with a molecule which binds to, e.g. , a receptor prevalent 
among lymphoid cells, such as monoclonal antibodies which bind 
to the CD45 antigen, or with other therapeutic or immunogenic 
compositions. Thus, liposomes filled with a desired peptide 

25 or conjugate of the invention can be directed to the site of 
lymphoid cells, where the liposomes then deliver the selected 
therapeutic/ immunogenic peptide compositions. Liposomes for 
use in the invention are formed from standard vesicle-forming 
lipids, which generally include neutral and negatively charged 

30 phospholipids and a sterol, such as cholesterol. The 

selection of lipids is generally guided by consideration of, 
e.g., liposome size, acid lability and stability of the 
liposomes in the blood stream. A variety of methods are 
available for preparing liposomes, as described in, e.g. , 

35 Szoka et al . , Ann. Rev. Biophys . Bioeng . 9, 467 (1980), U.S. 
Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369, 
incorporated herein by reference. 
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n c a liqand t.o be 
For ^ar,atin, to th. ^■"'-^"^i' ' . , ,„tibodies 

or fragi^s^nts thereof =P^" ^ Uposome suspension 

^he aesirea iM-une syste» cell ^ .ministered 
eontainin, a peptide or ' , aose which varies 

,„„,.enously, -""/^:;°:re"/n;er o. administration, the 
reUTure;, .^d the sta. . the disease 

- -;"rrTorerpie:°"^°^^° 

oarriers »ay he used "--^J^=^:t \.otose. starch, ...nesiu. 
Pharmaceutical ^"^-;^"^Ta;cu:. cellulose, glucose, 
'stearate, sodium ^''''^"'^^JZ^ the li..e. For oral 
sucrose, magnesium "'"""^"^^^..^ .ooeptahle nontoxic 
administration, a pharmaceutically normally 
:rosition is .ormed - ^rlers previously listed, 

,„p,oyed excipients, != 7,„,„aient, that is, one or 

„a generally "--j/.renttor and more pre.erahly at a 
more conjugates of the i 

ooncentration of . . ^^^tion, the peptides are 

,or aerosol along with a 

preferahly -PP^^^^^^/^ ^'pLal percentages of conjugates 
surfactant and P^^P^"'"*" ,,^„biy i»-10%. The surfactant 
„e o.ol.-ao* .y -^'";/^rc "d preferahly so-^l^ 
, must, of course, he J are the esters or 

propellant. =<=P-""rr,t;3 oo htainlng from . to carhon 
'partial esters of fatty acids co ^^^^^^.^^ ^^^^^^^^ 

atoms, such as "proic octano , ^^.^^ ^.^^ ^„ 

Unoleic, Unolenic, olester^c a ^hydride. Mixed 

,0 aliphatic P°^VWdrlc alcohol or ,„pioyed. 
esters, such as mixed or natural^g_y^^ ^^^^^^ 
The surfactant may """^'^^^ .j^, balance of the 

composition, preferably 0.25 5%. ^^^.^^ 
composition is ordinarily propellant. 
35 included, as desired, as w.th. e.g 

ther aspect the present invention is directed 
in another aspe ingredient an 

„ vaccines which contarn as an activ 
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.■J.™ ...... 

yacc.nes can also contain a physiologically tolerabl. 
Phc.sph.te, aluBxnuB hydroxide or .„ "l^'inum 

a. d,::rr^:r.„ r";::"" - ^^^"^^ --o^r^on' 

or other rout, th" iZ„ ^^n^^.r^al 
^^uoe, tne immune system of v,«_j. 

.n.ot.on, or r..ta„t tol^: .L'ptrio.o 

c. the .nv::tt:\rTr::i:::t":r::"::""\'''^ ™" 

« otherwise at rie. o. diseaseM^'ar l::^ ^"r^^"'" ^° 
cancer to elicit an infection or 

^hu. enhance : : pat eTt I I^'Tl^^ '""'^ 
-=h an a»ou„t i/de.ined to". r"L"r°"^' "P-ilities. 
dose." In this use th. i«"unogenically effective 

patient, s state 7tV",lJ'^7^' ~' '^"^"^ °" 

state Of health and ueight, the mode of 

administration, the nature of the formulation, etc .ut 

.-erally ran,e from ahout 1 . 0 to a.out .O^o"; per" 
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peptide vaccines of the inv interest, 
neutralizing antibody responses to the 

peptides Of th. i-en..=n -n J ^ 

vir.l hosts, such as vaccinia fow p ^^^^ 

»K. „sB Of vaccinia virus as a vector ^ 
Involves the use °t ^ peptides of the 

nucleotide sequences that — '^^''"J'f^^^^,^ chronically 
invention, .pon introduction '"^/^f ^'J,^ ,.„»hina„t 

infected host cr into a l.^'i.e, and thereby 

^„.r-o<==;Ps the immunogenic pepT-xu«, 
vaccinia virus expresses th ^^^^ „,thcds 

elicits a host CTI, J^^^^" described in, e.g.,U.S. 

.eeful in -^--^r^ror -ed"erein by reference, 
patent No. "."^•"'l ^ ^^^^ ,^,„,„e Guerin, . BCC; vectors 
Another vector is BCG (Bacllle (1991)) 
„e described in Stover et al . , "-'"^^ ^= ' ^^..^^ 
„.ich is -=-°"-^rtrerrpertrcTd::;is:rat^ or 

:rnirarirort:rpr;t.es ; . 
— :-iir: « l ^^^^^^^^^^^^^^ e. 

Antigenic c-^-J^^*" ^/^/^^ ,,,, „ „eat 

vivo, as well. -"^^ ^^.r^LIal, or tutors in patients 

Chronic ih^-"°"= :::::„tioLl for^s of therapy, or 

that do not respond to other ^^^^^ ^^^^^^^^ ^^^^^^^ 

„111 not «-P-* =^ Harticular pathogen (infectious agent 
0 vivo CTL responses to a P i„ tissue culture 

or tuiaor antigen) are ^""^""^ ^ together with a 

the patienfs CTL P^-^^'^/f^'^ts T«= and the appropriate 
._e - .-i-rdf^rfrararprirriate incubation ti»e 

rarurtrprtir ::rt.ey 

target cell (an infected cell or a tu.cr cell) 




# 
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The peptides of this invention may also be used to 
make monoclonal antibodies. Such antibodies may be useful as 
potential diagnostic or therapeutic agents. 

The peptides may also find use as diagnostic 
reagents. For example, a peptide of the invention may be used 
to determine the susceptibility of a particular individual to 
a treatment regimen which employs the peptide or related 
peptides, and thus may be helpful in modifying an existing 
treatment protocol or in determining a prognosis for an 
affected individual. In addition, the peptides may also be 
used to predict which individuals will be at substantial risk 
for developing chronic infection. 

The following examples are offered by way of 
illustration and not by way of limitation. 



I. Cell Lines and MHC Purification 

Various cell lines were used as sources of purified 
human and mouse class II molecules. The following 
Epstein-Barr virus (EBV) transformed homozygous cell lines 
were used as sources of human HLA class 111 molecules (Valli 
et aI.,J. Clin. Invest. 91, 615-628, 1993): LG2 [DBl"0101 
(DRl)]; 3107 [DRB1*1501 (DR2w2b) ] ; MAT [DRBl'oSOl (DR3)]; 
PREISS [DRB1*0401 (DR4)]; BIN40 [DRB1*0404 (DRwl4)]; SWEIG 
[DRB1*11011 (DR5)]; PITOUT [DRBl^OVOl (DR7) ] ; PF 

[DQA1*0301/DQB1*0301 (DQ3.1), In some instances, transfected 
fibroblasts were used: L416.3 [DRB5*0101 (DR2w2a) ] ; TR81.19 

[DRB3*0101 (DRS2a)]; and L257.6 [DRB4*0101 (DRw53)]. For 
mouse class II molecules, the following cell lines were used: 
A20 (lA**, lE*^) (Sette et al . , Science 258, 1801-1804, 1992); 
CH12 (Ia'^, IE'') (Sette et aJ . , 1992); LS102.9 (IA«) (Wall et 
al . , Int. Imm. 4, 773-777, 1992); and DB27.4 (lA^) (Wall et 
al . , J. Immuno. 152:4526-4536, 1994). 



EXAMPLES 



EXAMPLE I 



Exp«rimantal Procedures 
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II. Purification of MHC molecules 

MHC molecules were purified essentially as described 
(Gorga et al . , J. Bxal . Chem. 262, 16087-16094 (1987))- 
Briefly, human class II molecules were purified by affinity 
chromatography using the LB3 . l (all DR, Valli et al . , J. Clxn. 
invest. 91, 616-628 (1993)) or the IVD12 (DQ3.1, Sidney et 
al J inmunol. 152, 4516-4525 (1994)) monoclonal antibodies. 
Moule class II molecules were purified by the use of the MKD6 
(lA'^ Sette et al . , Salonce 258, 1801-1804 (1992)); 10.3.6 
(IA\ sette et al . , supra); 14.44 (lE'^ and IE^ Sette et al . , 
supra); and Y3JP (IA% Wall et al . , Int. Immunol. 4, 773-777 
(1992)) monoclonal antibodies. 

III. Peptide Synthesis 

Peptides were synthesized by sequential coupling of 
N-a-Fmoc-protected amino acids on an Applied Biosystems 
(Foster City, CA) 430A peptide synthesizer using standard Fmoc 
coupling cycles (software version 1.40). All amino acids, 
reagents, and resins were obtained from Applied Biosystems or 
Nova Biochem (San Diego, CA) . Solvents were obtained from 
Burdick & JacXson. Solid-phase synthesis was started from an 
appropriately substituted Fmoc-amino acid-Wang resin. The 
loading of the starting resin was 0.5-0.7 mmol/g polystyrene, 
and 0.1 or 0.25 meq were used in each synthesis. A typical 
reaction cycle proceeded as follows: The N-terminal Fmoc 
group was removed with 25% piperidine in dimethylf ormamide 
(DMF) for 5 min, followed by another treatment with 25% m DMF 
for 15 min. The resin was washed 5 times with DMF. An N- 
methylpyrolidone (NMP) solution of a 4 to 10-fold excess of a 
preformed i-hydroxybenzotriazole ester of the appropriate 
Fmoc-amino acid was added to the resin, and the mixture was 
allowed to react for 30-90 min. The resin was washed with DMF 
in preparation for the next elongation cycle. The fully 
protected, resin-bound peptide was subjected to a piperidine 
cycle to remove the terminal Fmoc group. The product was 
washed with dichloromethane and dried. The resin was then 
treated with trif luoroacetic acid in the presence of 
appropriate scavengers [e.g., 5% (v/v) in water] for 60 mm at 
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homogeneity by reve.se-p.aL ZTtT '"^""^ ^° 

preparative coIu„„. ^J,;" "c* po.e-=i.e. c-ia 

— yed o„ an analytical revex-se-oh, P=P"<i« was 

composition ascertained by aJ„o f '"^^^ 
-eguenoing. The oycIoheJl!? ^"'^'<"- 
» procedures „as purchasedlcm 

-"-itylated peptides ;.re !" d . 
- the resin be.ore .ieavrnrthr^ltL"-"- — -i. 
accomplished by a symmetric.i coupling was 

, o. palmitic a^Td'aT „e~; — 

-^^opropylcarbodiimid, i„ dichlortettne .or i hr. 

™= •'«P«^^e Binding assays 
n«) were i'c"b«"d Tito's ™'iT " -^-"i« C5 to .00 
^r in PBS containing oMso in the ^^'""'^ " 

"hibitor „i«„,. " presence of a protease 

=hlorami„e-T method f Buus et aT r • '"^^""^^ -^"^ ">e 

'i'"))- The final concentratro,;: T"''" """^ = = 3 

-re: . ^ p„,^^ Ho ' inhibitors 

A. EOT., . ™ -ethylm^Lim^de"":::"""" " 

N«-p-tosyl-..,,.i„, chloromethyl titone 

concentration i„ the incubation <^««5ent 

Class Il-peptide complexes weie se " -iecules, . 

jei filtration on Sephadex rr™!'"" ^^P"- by 

traction of peptide bound was calculated ''""^"^ ' 
described (sette et aj j r "^'^^'^ Previously 

preliminary e:<periment s,' ^achTtt " ^ 

txtered in the presence of fi.e. Preparations was 

Peptides to determine the concentraM™" T 

necessary to bind lo to .0, of the tot , " ""''^"'^^ 

-bsecp.ent inhibition and direct bind "^^"-"-i^y- AU 
performed using this class XT concentraTi::"'; 
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"e.e pxc«e.^^a..^ ^^^^^^ 

used herein "^^^"^ „,^i^„„s in«rmeai«e 
• J ,™ »t 50-500 nM const-iii" 

affinity 

affinity binding. 

V inhibition of BR ""^.^^rtrbrocrthf.ntigen 

The =.P«ity ot P^^"^""^^^ incubating »it=n,ycxn 
p„s.nting function of »c was -a^^^^ , ,.V--i, 

c-treated EEV cells of the P ,^i„aMr, 

„«h inhibitor P-"-;„„;",,f;Ldiu. containing 10, hu.an 
wallcersville, ™» 1" calabasas , CM ■ 1" 

3„UB <«.ini Bi°P"^--;;^":,;, ,i„ated in 9e-well .-botto. 
inhibitor peptides were ^ of four ten-fold 

plates (costar, "»''"^^!;„^J„;;aticn of 150 .g/»l- ^^""^ 
0 dilutions starting at a „eeived subopti-al 

° „i.h inhibitor P-P^f-",:;!^:: peptide (.Kl, ^ ■ 

concentrations of the HA 307 31 P P ^„.„o (DM) 

o.5ab, or K. 30,-31.. ^30f Which in 

(Sidney et al., J- ^"""'^ resulted in 30-50% of the 

,s the absence of inhibitor P^P"''^^ concentration was 
" TaxiBaX proliferative "'P"-- „"^,„c,,ating AP= wi-» P^P"^^= 
^- =w 50 to 200 ng/ml. "ter , « lo" T cells were 

routinely 50 ^ incubator, 2 x 10 

^de::: facrw:.. . --:::3:-":o "...^n,. 

o:5:b (Krieger et -/^^r 0B5 and line 13.-13. <0.3, . 

Clone 42.1. ■ f;,, measured three days 

The proliferation of the T eel i„„, (BHlthymid.ne d 

Tate:. Briefly, » hr J/:^,., aach well for a final 

.Ci/well, (XCH. ,,,n narvested onto glass fiber 

IB hr incubation. Cells n295-001, LKB' 

" "l^ers cues V-allac -^^H^ccrporation ,t^B betaplate 

oaitharsburg, MD, , and thy^iaine in P^ ^^^^^^^^^ ,„,,,an 
counter 1205, was measured. 
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presentation was calculated for each dose of inhibitor peptide 
required to inhibit 50% of the proliferative response. 

EXAMPLE 2 

DR Binding specificity of "Universal" Peptide Epitopes 

The binding motifs of several murine and human class 
II KHC alleles have been defined, and motif analysis by 
sequencing of naturally processed peptides has also recently 
been described for various class II types (Rudensky et al . , 
Nature 353, 622-627 (1991); Chicz et al . , Nature 358, 764-768 
(1992); Hunt et al . , Science 256, 1817-1820 (1992); Rudensky 
et al.. Nature 359, 429-431 (1992)). 

In the case of DR molecules in particular, it has 
been shown (Brown et al . , Nature 364, 33-39 (1993)) that a 
large hydrophobic anchor engaging a corresponding hydrophobic 
pocket of the MHC binding groove is the most crucial 
determinant of peptide-DR interactions. Several other anchors 
play definite, albeit less prominent roles and help determine 
allelic specificity. Recently it has also been emphasized 
that the peptide backbone of the C-teirminal half of the 
peptide molecule is engaged in direct hydrogen bonding with 
the walls of the MHC binding groove. 

Although the allele-specif ic polymorphic residues 
that line the peptide binding pockets of MHC tend to endow 
each allele with the capacity to bind a unique set of 
peptides, there are many instances in which a given peptide 
has been shown to bind to more than one MHC specificity. This 
has been best documented in the case of the human DR isotype, 
in which it had been previously noted that several DR alleles 
appeared to recognize similar motifs, and independently, 
several investigators reported degenerate binding and/or 
recognition of certain epitopes in the context of multiple DR 
types, leading to the concept that certain peptides might 
represent "universal" epitopes (Busch et al . , Jnt. Immunol. 2, 
443-451 (1990); Panina-Bordignon et al . , Eur. J. Immunol. 19, 
2237-2242 (1989); Sinigaglia et ai . , Nature 336, 778-780 
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,,SSB); CSullivan et al . , J. Immunol. 147, 2663-2669 (1991); 
Koache et al . , ^. Xnu.u.oI . 144, 1S49-1856 (1991); Hill et al . , 
J. InmiUTioI. 147, 189-197 (1991)). 

The DR binding capacity of previously described DR 
binding peptides capable of binding more than one DR -1--^- 
Z 307-319, TT 830-843, CS 378-393, MT 17-31, and HBVnc 50-69 
was established using the assay described in Example I, 
paragraph V. The data obtained (Table II, section A) 
Lmonstrate that although these peptides were ^^^^ "/^^^^ 
Of binding several of the DR molecules tested, they failed to 
^ind to others. For example, the HA 307-319 bound with high 
(<50 nM) or intermediate (50-500 nM) affinity to DRl, DR4w4 , 
L DR7, and DR2w2a, and weakly to DRw53 (2.2 .M) ; while no 
binding was detectable for the remaining four DR 
specificities. HBVnc 50-69 also bound 5 of the 10 DR 
specificities tested (DRl, DR2w2b, DR4w4 , ^^^^ .^^^ 

. ^ a-F-Finitv TT 830-843 and CS 378-398 

with hiah or intermediate affinity. li. 

::rnd with high or intermediate affinity to 4/10 DR molecules 
tested (DRl, DR5 , DR7, DR2w2a and DRl, DR4W4 , DR5 , DR7 
respectively) and MT 17-31 bound with high or intermedxate 
affinity to 3/10 of the DR types. 

in conclusion, although these previously described 
..universal" epitopes bound to several DR types, they were not 
completely cross-reactive in their binding capacity, in that 
maximum of 50% of the DR specificities tested bound a given 
peptide with high to intermediate affinity. 

EXAMPLE 3 

Development of «pti4e, vi« Hi,^ Affinity for Multiple DR 
Alleles: 760.50 ana 760.57 

A number of peptides capable of binding with high 
affinity to the rheu»at=ia arthritis associated DR alleles 
DRl DR4W4, and DR«14 ware generated. To produce these 
pep;iaes, we used a strategy initially described by aardetz.y 
et al EHBO J. 9:1797-1803 (1990), in which anchor residues 
that ;;ntain side chains critical for the binding to «HC are 
inserted into a poly-alanine peptide of 13 residues. Two such 
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peptides, designated 760.50 and 760.57, which are described in 
copending parent application 08/121,101 and which were 
particularly interesting with regard to their broad DR binding 
spec.fxcxty. When tested for binding to a panel of lo " 
Purxf.ed DR .olecules, it was found that, in general, these 
peptides bound with higher affinity and broader specificity 
than the natural -universal" epitopes described above (Table 
II, section B). Neither 760.50 nor 760.57 was completely 

rrrT^'"' ""^^ ^"^^^^^ ^^^^^-^ ^--ected 

in 4 of the 10 alleles analyzed (DR2w2b, DR3 , DR52a, and 
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EXAMPLE 4 

Development of Peptides with High Affinity for Multiple DR 
Alleles: 906.09 and 906.11 

5 To further broaden specificity the 906.09 and 906.11 

peptides were synthesized, in which a V or I was introduced at 
position 4 of the 760.57 peptide. As shown in Table II, 
section C, both 906.09 and 906.11 peptides retained the good 
binding affinity for DRl, DR2w2a, DR4 , DR5 , and DR7 (in the 

10 range of 0.3 to 80 nM) . Furthermore, the binding capacity (in 
comparison to 760.50 and 760.57) for molecules DR2w2b, DR3 , 
DR52a, and DRw53 was significantly improved (10- to 25-fold), 
with IC50% in the range of 20 to 1200 nM. Thus, 9 of 10 DR 
specificities bound tested bound these peptides with high or 

15 intermediate affinity, and one, DR52a, bound weakly. 

In conclusion, these data illustrate the development 
of peptides binding with high affinity to most, if not all, DR 
alleles. Because of this broad cross-reactivity pattern 
amongst different DR molecules, we have determined that the 

20 906.09 and 906.11 peptides are Pan DR binding peptides. 

Example 5 

Pan DR Binding Peptides Also Bind DQ3 . l and House class II 
Molecules 

25 

Assays were carried out to determine whether the Pan 
DR binding peptides were also capable of binding other human 
class II isotypes or non-human class II molecules. More 
specifically, the binding capacity of the Pan DR binding 

30 peptides to DQ3 . 1 and several mouse class II specificities was 
determined, as shown in Table III. For reference purposes, 
the binding affinities of previously described mouse class II 
epitopes are also shown in Table III, section A. All of these 
previously described epitopes bound their relevant restriction 

35 elements with high or intermediate affinity, between 20 and 
400 nM. It was found that, in general, the 760 series 
peptides (Table III, section B) bound with intermediate 
affinity, in the range of 80 to 700 nM, to five of the six 
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b IE", lA'. interestingly, the 

alleles tested (lA , - j^^ion C) found with 

906 series peptides (T^"!^ ' ^„ ^„ ^ rang, in 

significantly higher ,„<j ,o6.11 .Iso bound 

the case of the ^"^^^ .^^J ..spect to binding to 

„ith intermediate .tt.n.^Y^^ 

ri-b.:: refariy^.. « p--- 

.Olecules ,in the 30 to 1.0 - the ,.0 and 

- » iTo lecules was also examined. »o 

„e peptides to hu.an class 1 ^^.^^^ 

binding was detected, up to 1 P ^^^^^ 

-All, and -A24 -"l^^"^'; '^^^^ ,oe series peptides 

conclusion, these data -^^"^^^^ ,,„aing peptides. 
„e pan class II (b^t not class I) ™ 
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EXAMPLE 6 

x..i.iti=n =. . .«.i.».-o= «n c« Bin.... 

the inhibUion of T »;^^^ ,,t=i».unity . Accordingly, 

selection. aller,ic f „ ,„.ig.n-speci£ic in 

.n. capacity of -'•«;/jf;f/,;„„,, evalu,«a. The 

^^«°.!.""/rn"iren P^e -"ticn assay .escri... i" --pie 
inhibition of antigen p evaluations. 

— r„ re'ep-:: :::: t^rLc .inking capacity it .as 

..n. that^hese ^^^^^^ ^Z^Tl^^^ - " 
proliferative responses o human T ce 

least Six different DR -^-"^"^'^'^"t, Ihich have high 
.pecifically, peptides . inhibited 

binding affinitxes .ii.ies, with IC50% 

T cell proliferation these peptides bound 

in the 1.0 to 25 M» range. «^ „„,e, and 

0«3 .olecules only " ectivation was inhibited 

accordingly, DR3 restricted T cell ^^^^^^ 
poorly (IC50% of 220 for 760.57) 

^Ve^-.^c; and .0.11 ^ ;rc:ori; 

oK,wi., and - : ::r::: aniiigs, wmch 

the 0.5 to 15 range, As " „p^j,ie of 

, rnribftrnr:rr:s::Lrrn:i::r:- 

the 30 to 60 MM e^eriments, we also tested the 

restricted response. ^"^^ ^ ^ „ ^,,,i„p a molecular 

r.:- r.r. — r..rr.. » ...... - >• 
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the context of DR52b molecules with good IC50%, in the 1 to 2 
^M. range, thereby extending to an eleventh allele the Pan DR 
binding capacity of these peptides. 

Finally, these peptides failed to inhibit 
5 proliferation of the HA-specific, DR-restricted T cell clone 
in response to the polyclonal mitogen PHA, and also failed to 
inhibit in the recently described T cell antagonist assay (De 
Magistris et al . , Cell 68, 525-634 (1992)), in which peptides 
are added subsequent to (not simultaneously with) the 
10 antigenic stimulus (data not shown) . These findings rule out 
the possibility that the results described above might have 
been caused by some non-specific cytotoxicity of the 760 or 
905 peptides. 
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EXAMPLE 7 

Generation of Pan DR T Cell Epitopes by Modification of 
Broadly Reactive Class II Binding Peptides 

5 

A different type of application of Pan DR binding 
peptides was also considered, namely to use these peptides to 
produce Pan DR restricted T helper epitopes that could provide 
help for both humoral and cytotoxic responses. Because all of 

10 the potential TCR contact residues in the Pan DR binding 

peptides were alanines, it was hypothesized that due to the 
limited interactions the methyl side chains could participate 
in, introduction of more bulky hydrophobic charged residues 
might improve the likelihood of interactions with T cell 

15 receptors and thereby increase their immunogenicity . 

Following this line of reasoning, we further 
modified the 9 06.09 Pan DR peptide. Several analogs were 
generated by introducing bulky or charged side groups at 
positions 2, 5, and 7, which are potential TCR contact 

20 residues based on previous analysis of the HA 307-319 peptide. 
By contrast, those positions known to influence DR binding 
were left undisturbed (3^ 4, 3, 9, and 11). In addition, 
analogs were also generated that carried the natural amino 
acid, Phe, instead of cyclohexylalanine at position 3. These 

25 peptides were then tested for retention of their capacity to 
bind multiple DR alleles, and those peptides that had no 
significant decrease in their DR binding capacity were then 
tested for their capacity to induce an immune response. The 
data from two of the best peptides, 965.10 and 1024.03, are 

30 discussed below. 

When these two peptides were tested for HLA DR and 
murine la binding (Table II, section D and Table III, section 
D) , it was found that, in general, they retained the high 
binding capacity and broad reactivity associated with the 

35 parent peptide, 906.09, for most DR alleles. The exceptions 

to this were represented by 1024.03 binding only weakly to DR3 
(1470 nM) and also binding with intermediate (420 nM) rather 
than high affinity to DRw53. Also, the 965.10 and 1024.03 
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peptide, showed greatly "'""^^^^^^'"''.."^orbindtng opacity 

.urine =l.,s XI -^""/^^^^f^ thus .llouin, K-.^ 

„as »t>inea, ---- JfJ^,„ i^u„o,eni=i.y o. these 

„ice to be used to "^'^/^ ^,3.1 binding capao.ty of 

EXAMPLE 8 

„ vitro X^uno,.Bioity of »n BiB.in, P-Pti*" 

.he pen 0« epitope ,eS.iO, .Ion, "J;- 

progenitor ^^^^^^^ ^l^^. TeLTorre. their 

described "ro T cell responses in PBMC frc» 

capacity to - 11^^^^, entailed repeated 

normal ^7^"^ autologous .PC and peptide ant.gens, 

stimulation ot PEL with primary in 

and was -'^"--i^^.rr/rool is provided below, followed by 
vitro responses. This pt 
the results ot the assays. 

A. AssaiJ£2tosol etimulated in vitro 

PBMCS fron healthy donors were _ ^^^^ 

a protocol adapted fr „a ca et^al- • ^^^^ ^^^^^ ^^^^^^ 

,,e4-1.71 (Pharmacia X^B, Uppsala. 

, were purified over Ficoll Paq I ^^u. tissue culture 

Sweden, and plated in 4 well of .4 

p,ate ,=ostar, ^^-^f^rn 1 concentration of 10 .,/.l. 
peptides were added at a £1 

cultures were then — ''^^^^ eoncehtration of 10 

0 recombinant IL-. was -^^^^/^^ ^ ^ ^ays 

„,,„1. cultures „edla and replacing it 

thereafter by aspirating off 1 ^^^ition.l 

fresh "--;;-::rir„ ^h Intigen were performed on 
stimulations of the T cell ^ ^^^^^ ^ lo^well) were 

,5 approximately days 14 and 2 . ,u^<,i„,ous PBMC cells 

stimulated with peptide (10 ^g ) presenting 
- X 10^ .rr--- ';riroVr"4Ull tissue culture plate. 



cells in 
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In addition, on days 14 and 28, T cell proliferative responses 
were determined as follows: 2 x 10'' T cells/well; 1 X 10^ 
irradiated PBMC/well as AFC; the peptide concentration was 
titrated between 0.01-10 ^:g/ml final concentration in U-bottom 
5 96 well tissue culture plates (Costar, Cambridge, MA) . The T 
cell proliferation assays were harvested on day 3 as described 
above . 

B. Results 

10 Representative data from three normal donors are shown in 

Figure 1. The data obtained following two rounds of 
stimulation are shown in panels A to C, and after a third 
round of stimulation, in panels D to F. As predicted, the 
parental peptides 760.50 and 906.09 were poorly immunogenic in 

15 these experiments. Neither peptide induced a significant 

(>10,000 cpm) response following two rounds of stimulation- 
After a third round of stimulation, 7 60.50 induced a response 
in one donor of the three tested. The natural "universal" 
epitope TT 830-843 also failed to give a significant response 

20 after two rounds of stimulation, and after the third round of 
stimulation, TT 830-843 also generated a modest positive 
response in all three donors. In contrast to these weak 
responses, all three donors responded briskly after only two 
rounds of stimulation to the modified Pan DR peptide 965.10. 

25 Figures 2A and 2B summarize all the in vitro 

stimulation data that have been obtained (second and third 
stimulations, respectively) . After two in vitro stimulations 
(Fig. 2A) , peptide 965.10 was the only peptide able to 
significantly stimulate T cells in the majority of donors 

30 (9/12). TT 830-843 was able to generate a response in fewer 
individuals (3/12), while 760.50 and 906.09 both failed to 
stimulate any response (0/3). By the third stimulation 
(Figure 2b) 965.10 generated significant responses in 11 of 12 
donors tested, the TT 830-843 was now able to mount a 

35 significant response in a majority of the donors (7/12); 

760.50 induced a response in 1 of 3 donors, and 906.09 failed 
to stimulate any of the 3 donors tested. 
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The ability of 965.10 to expand specific T cell 

superior i»nuno,enic= capacity of th.s peptide relat.v 
peptides TT 830-S43, 760.50 or 906.09. 



EXAMPLE 9 

«o^-i=itv Of the pan DR Epitopes in Mice 
in vivo iminunogenicity or 

in vivo immunogenicity of the 760.50, 965.10, 
10..03 pepti.. was teste. ^^^-J^;::: ^^^^ 
ro carry out these — ^^"^"/;;,:, , ,.3e titration 
15 subcutaneously at the base of the ta.l wxt 

Of various peptides (0.0001.5, -O-^' ^ ; 

X -ir, PRS/CFA (Difco, Detroit, MI) in a xuu ^ 

:r::r: ; 1::-! ..r...r... .^.^ noaes .ro. .ro.pe 

:Ler.ioWpeptlae do.e were t^^/re^ „...ed 

„ no.o.enl.ed Into --/"rr ::,\.,„ell, In 

two p..«s. . xo, aos. peptide 

25 perfor«ed as described above „on-natural 
in these experiments, the activity o 

„,-h»^ oreviously detined natural I* 
epitopes to two "^"^ ^J^HU^ l.s-i40, were 

restricted epitopes ova 3„ ^^^^ ^ ^ 

control. Groups oi m 

of oeotide (0.000125 to 20 ^g/^o^^e) in CFA. 

r ilunization, the draining lymph nodes were 

rii::::: Td s^iLlatld m vitro wit^ varying doses of 
antigen. 
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As shown in Figure 3, it was found that, consistent 
with its inability to bind lA^, TT 830-843 was unable to 
generate a specific T cell proliferative response. The known 
IA'' restricted helper epitopes Ova 323-336 (Figure 3, panel B) 
5 and HBVc 125-140 (Figure 3, panel C) induced responses in the 
25,000 to 70,000 cpm range at the two highest peptide doses 
used for immunization (1 and 2 0 ^ig/Jaonse) . The Pan DR 
epitopes 965.10 (Figure 3, panel D) and 1024.03 (Figure 3, 
panel E) stimulated the strongest responses, with effective 

10 immunizing doses being obtained with as little as 0.05 

Mg/mouse, with a magnitude in the 100,000 to 150,000 cpm 
range. In contrast, peptide 760.50 (Figure 3, panel F) was 
only marginally immunogenic, with a very weak proliferative 
response being induced, and only at the highest (2 0 ^g/mouse) 

15 dose tested. These results indicate that the Pan DR epitopes 
965.10 and 1024.03 function as highly effective helper 
epitopes in vivo, as well as in vitro. Together with the 
human immunogenicity data, they also suggest that in addition 
to high MHC binding capacity, the presence of "immunodominant" 

20 amino acid residues at potential TCR contact positions is an 
important element for the generation of vigorous T cell 
responses . 



a T cell proliferative response is an indicator of the helper 
capacity of a peptide epitope. We sought to verify this by 
measuring the capacity of the 965.10 peptide to deliver help 
in the generation of a CTL response. The CTL induction 



25 



EXAMPLE 10 



Fan DR Peptides Act as Helper Epitopes For 
in Vivo CTL Induction in Mice 



30 



It is generally assumed that the capacity to induce 



35 



experiments were carried out according to the protocol 
provided below. 
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^;;;;r^7T;^in71ix =^7 bWS. mc. were .».un..ed 

~rr:::::::;Cer:i::^ 

,%57BL/6J »ice resuspended in »edi>ia containin, LPS (W 
of C57BL/6J mice r v , ,5 uq/ml) , and Dextran 

„li055 = B5, "^i^-' "^'""1 ' . cultures were 

sulfate .Pharmacia, Upp.ala < '^I'^'l^,, of „ 

prepared wit. 1.5 =c 10 ^-'"-/^ \„ 

- ^—rertl : /elt: rer^rradiUed, ^as.ed and 

resuepenaed at ^'^^r cJ^piC^r "o r.^^ 

suspension were .nou.ated J^^^ 

^ "ndfd :r ; 1 '^e lis . volume of 1 ml was added 

;:r:ia to':ne appropriate effector cells 

s days cytotoxicity was then measured usin, EX.4 (b 

^ , ..us (3 X 10« oells/ml) which were 

'^^".TAr"" In .esence o. so.iu. -C. Create an. 

xncubated at 37 C xn P ^^^^^ ^^^^ ^^^^^^ ^^^^^ 

CTL epitope P^P^^^- ir^„i-xe40 (Bio vmitta)cer, 
times and resuspended xn RPMI ^ scientific, Santa 

walkersville, MD) contaxnxng 10% FCS (Irvxne s 
WalKersviJ-xe, <=4 . 50ua/ml 



Ana, CA 



L-Glutamin. (Irvine Scientific, , =o.,/ml 
- - - " Beta 



«nta.icin <-vine scientific, and . x " — ^ ^ 
Mercaptoethanol (Sigma, St. Louxs, MO) • 

^r:. L,ied target cells were ^^;j/-r;o lule=.oo 

effector cells in u-hottom e-we P-"-^; 
.n After 6 hr incubatxon at 37 c, a* ^^2' 

rnltant were removed from each well and radioactivity 
supernatant were ^^^^^^^ _ 

tircU-rl Is was determined hy the following formula: » 
specxtxc xyfis T-^lease - spontaneous 

•■F^r- ivsis=100 X (experxmental release 
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is arbitrarily defined as number of lymphocytes required to 
achieve 30% lysis of 1 X lO"* ^^Cr-labeled target cells within 
6 hr, in absence or presence of peptide. 

We immunized C57BL/6J mice with a 10 nm dose of the 
restricted (Carbonan and Bevan, J. Exp. Med. 169:603-612 
(1989)) lipidated CTL determinant (Ova 257-264), along with 
varying amounts of the lA^ restricted helper epitopes Ova 
323-336 (Wall et al . , J. Immunol. 152:4526-4536 (1994)), HBV 
core 128-140, or the 965.10 peptide. After 11 days, spleen 
cells were stimulated in vitro with the CTL epitope Ova 
257-264, incubated for 6 days, and then tested in a standard 6 
hr Chromium release CTL assay. The CTL targets included both 
Ova 257-264 pulsed EL4 cells and Ova 257-264 transfected EG7 
cells. 

B. Results 

The results obtained are shown in Table V. It was 
found that the Pan DR epitope 965.10 induced a CTL response in 
a dose-dependent fashion, with an optimum of 307 lytic units 
observed when 5 jig/mouse of 965.10 peptide was coinjected with 
the Ova 257-264 CTL epitope. In contrast, the helper activity 
of the ova 323-336 and HBVc 128-140 epitopes was much less 
pronounced, both in terms of the magnitude of the helper 
effect (four-fold and three-fold increase, respectively) and 
of the dose required for induction of optimal helper activity 
(100 ^g/mouse) . 

The above examples are provided to illustrate the 
invention but not to limit its scope. Other variants of the 
invention will be readily apparent to one of ordinary skill in 
the art and are encompassed by the appended claims. All 
publications, patents, and patent applications cited herein 
are hereby incorporated by reference. 
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WHAT IS CLAIMED IS : 

1. A composition comprising a peptide consisting of 2 
D-amino acids and 11 L-amino acids, said peptide having the 
formula R;i^-R2-R3-R4-R5 , proceeding from the amino-terminus to 
5 the carboxy-terminus , wherein: 

is a D-amino acid followed by alanine or lysine; 
Rj is selected from the group consisting of cyclohexy lalanine , 
tyrosine, and phenylalanine; 

R3 is 3 or 4 amino acids, wherein each amino acid is 
10 independently selected from the group consisting of alanine, 
isoleucine, serine and valine; 

R4 is selected from the group consisting of threonine-leucine- 
lysine, lysine-theronine, and tryptophan-threonine-leucine- 
lysine; and 

15 R5 consists of 2 or 4 amino acids followed by a D-amino acid, 
wherein each of the 2 or 4 amino acids is independently 
selected from the group consisting of alanine, serine and 
valine . 

20 2. The composition of claim 1 wherein: 

Ri is D-alanine followed by alanine or lysine; 
R2 is clyclohexylalanine or phenylalanine; 

R3 is 3 or 4 amino acid, wherein each of the 3 or 4 amino 
acids is selected from the group comprising alanine, 
25 isoleucine, and valine; and 

R5 is 2 or 4 alanines followed by D-alanine. 

3. The composition of claim 2 wherein the peptide is 
selected from the group consisting of aAXAAAKTAAAAa , 
3 0 aAXAAAATLKAA^ , aAXVAAATLKAAa , aAXIAAATLKAAa , aKXVAAWTLKAAa , 

and aKFVAAWTLKAAa wherein a is D-alanine, A is alanine, X is 
cyclohexylalanine, K is lysine, T is threonine, L is leucine, 
V is valine, J is isolucine, W is tryptophan, and F is 
phenylalanine. 



4, A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and the peptide of claim 
1 . 



wo 95/07707 



PCTAJS94n0368 



• • n^orising a CTL inducing peptide and 

of claim 1. 

^ oi.im 5 wherein the CTL inducing 
e. The composition of ' ^f^^ , „ith a fatty 

peptide is acetylated, palmitylated, or acyla 

acid. 

* i.^™ «5 wherein the CTL inducing 

.„j...';u:r;;r;u;r,;;...=".™-~' 

helper peptide conjugate. 

•V of claim 7, wherein the CTL/T helper 
8 The composition of claim J. 
peptide conjugate is linked to a carrier. 

3 ..e composition of claim S, wherein the CTL inducing 
peptide is linXed\o the T helper peptide .y a spacer 
molecule. 

Ala-Ala-Ala. 

p,.ie„., tHe ..t.c. co.pr.s.., ' - .opposition 
, «.e»peutic.lly affectwe , peptide 

=o.pri.in, a P'>"""='i^^r:::i,.es. the peptide ^.ing 
of between about 4 and "^-^.^ " ^.olcules 
capable o. binding --f-^^f^ ^t/^^a ,o=u.. 
encoded by substantially .11 alleles 

Tbe method Of =lai» H "-"in tbe peptide is the 

peptide of claim 1. 

.be »etnod Of cl,i» 11 Wberein tbe peptide is the 

35 peptide of claim 3. 

^- T fPll clones in 

. .ethod Of inducing ^'^^^^ patient 
, patient, the method co.prising administer 
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a -therapeutically effective dose of a pharmaceutical 
composition comprising a pharmaceutically acceptable carrier 
and a peptide of between about 4 and about 2 0 residues, the 
peptide being capable of binding antigen binding sites on MHC 
molecules encoded by substantially all alleles of a DR locus. 

15. The method of claim 14 wherein the peptide is 
conjugated to a CTL inducing peptide. 

16. The method of claim 14 wherein the peptide is the 
peptide of claim 1. 



17. The method of claim 14 wherein the peptide is is the 
peptide of claim 3 . 
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Schenng Research Plan - appendix B 

A biological-based program de\ eloping GDF-8 inhibitors, in particular, \ accines capable of 
suppressing or inhibiting GDF-8 activirv'. seems to be the most viable way for promoting growlh in 
food animals such as poultry, swine and cattle. M&E"s proprietary .AutoVac''^ technology breaks 
immunologic tolerance to self-proteins and provides a simple and effecti\e method for active 
immunization of non-immunogenic proteins. 

.\I&E has designed 10 separate GDF-8 .A.utoVac'^" constructs. The relatively high number of inter- 
and intra- molecular disulfide-bonds in the 109 amino acid residue C-terminal active region of GDF- 
8 mandates this large number. It is expected that not all of the constructs will elicit anti-GDF-8 
antibodies in the target species. Syntro will make the genes for the constructs and incorporate the 
new genes in swinepox and avian herpes vector systems for funher work. .A.s an initial screening 
tool, naked DN.A vaccine technology will be evaluated for its ability to identify- potential 
candidate! s). 

Two approaches to a GDF-8 autovaccine are ctirrently being considered. The first approach is a 
recombinant subunit protein expressed from swinepox virus. In this approach the GDF-8 autoantigen 
is expressed m swinepox virus (SPV). purified and formulated wath adjuvant as with a conventional 
killed vaccine. In the second approach, GDF-8 autoantigen is vectored in a modified live virus 
vaccine. In this approach a recombinant virus delivers the GDF-8 autoantigen. It will be 
manufactured and formulated similar to a conventional modified live vaccine. 

In vivo studies in swine, cattle, or poultry monitoring parameters such as growth rate, muscle mass, 
and antibody responses will be used to identify the best GDF-8 vaccine candidate(s) and 
demonstrate proof of efficacy (PE). Similar studies could be conducted concurrently in mice using 
the various subunit vaccine candidates. 

The steps delineated in the template below identify the key points in a generic R&D plan to 
implement the M&E .A.utoVac'^'^ technology for generating a pharmaccine against any molecular 
target. 



Template research plan for AutoVac vaccine development 
(The sequence and timing to be specified as applicable for each project) 



Task sequence (overlaps occur) Comments 


Tarset selection i 


Gantt plan completed, inch time & resource 
estimate ( 1 months) 


Completion constitutes "beginning of research 
plan" re: 3.5.2 


Molecule design (1-2 months) 




Synthesis genes (2-3 months) 




.Analytical tools development (4-6 months) 




Selection of delivery system (1-3 months) 




Molecule expression (3-6 months) 




Molecule purification (3-6 months) 




Molecule characterisation ( 1-2 months) i 


Demonstrate antigenic response in model or j 
target animal (3-4 months) 




Demonstrate PE in target animal (4-6 months) a. Elicits one-off milestone paxment to M&E 

b. For first product: Starts period to 
"beginning of research plan" re: 3.5.2 

c. Potential license to M&E tor human use 
re: 3.1.4 



Select candidates for clinical development ( 1 




month ) 




Approval of development plan ( 1 month) 


i Elicits milestone payment to M&E for 
Additional Product re: 4.2 


Availability of GMP clinical matenal (6-12 




months) 




< Trials conducted in target animal (24-36 




1 months) 




Regulator.' submission ( 1-3 months) 


1 Elicits milestone pavTnent to M&E re 4.2 


1 Regulatory- approval (24 months) 


i Elicits milestone payment to M&E re 4.2 


i First year sales completed 


! Elicits profit sharing payment to M&E re 4.2 


Third year sales completed 

1 


Final product specific milestone calculation to 
1 M&E re: 4.2 



